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L -1 CuSO 4 , 0.6 µmol L -1 Na 2 Mo 4 O 4 , 1.59 µmol L -1 MnCl 2 , 0.6 µmol L -1 CoCl 2 , 0.096 µmol L -1 ZnCl 2 ). After 136 sterilization by autoclaving, the media was buffered by the addition of 6 mL L -1 autoclaved phosphate-137 carbonate buffer solution (0.52 mmol L -1 NaH 2 PO 4 x H 2 O, 3.5 mmol L -1 KH 2 PO 4 , 0.28 mmol L -1 Na 2 CO 3 , 138 pH adjusted to 7.0 with HCl).
139
For steady-state growth, a flow through bioreactor (Applikon Biotechnology) with a 1 L working 140 volume was inoculated with 2% (v/v) of an exponential phase N. europaea batch culture. The bioreactor 141 was set to 'batch' mode until the NH 4 + concentration reached <5 mmol L -1 (six days; Table S1 ).
142
Subsequently, the bioreactor was switched to continuous flow 'chemostat' mode, at a dilution rate / 143 specific growth rate (µ) of 0.01 h -1 (doubling time = ~70 hours), which was controlled by a peristaltic 144 pump (Thermo Scientific). The culture was continuously stirred at 400 rpm and the pH was automatically 145 maintained at 7.0 ± 0.1 by addition of sterile 0.94 mol L -1 (10% w/v) Na 2 CO 3 solution. Sterile filtered (0.2 146 µm) air, at a rate of 40 ml min -1 , was supplied during batch and NH 3 -limited steady-state growth. Once 147 8 NH 3 -limited steady-state was reached (day 7), the chemostat was continuously operated under NH 3 -148 limited conditions for 10 days. To transition to O 2 -limited steady-state growth, after day 16, the air input 149 was stopped and the stirring speed was increased to 800 rpm to facilitate gas exchange between the 150 medium and the headspace. O 2 -limited steady-state growth was achieved on day 23 as defined by the 151 persistence of 26.4 -31 mmol L -1 NH 4 + and the accumulation of 22.8 -25.5 mmol L -1 NO 2 in the growth 152 medium. The culture was continuously grown under these conditions for 10 days.
153
Sterile samples (~5 mL) were taken on a daily basis. Culture purity was assessed by periodically 154 inoculating ~100 µl of culture onto lysogeny broth (Sigma-Aldrich) agar plates, which were incubated at 155 30°C for at least 4 days. Any observed growth on agar plates was considered to be a contamination and 156 those cultures were discarded. NH 4 + and NO 2 concentrations were determined colorimetrically (55) and 157 cell density was determined spectrophotometrically (Beckman) by making optical density measurements 158 at 600 nm (OD 600 ) ( 
202
During NH 3 -limited steady-state growth (days 7-16; Fig. 2 There was a particularly strong effect of O 2 -limited growth on the transcription of several genes 254 related to CO 2 fixation (Fig. 3b ). The four genes of the RuBisCO-encoding cbb operon (cbbOQSL) were 255 among the genes displaying the largest decrease in detected transcript numbers ( Fig. 4 ; Table S2 ).
256
Correspondingly, the transcriptional repressor of the cbb operon (cbbR) was transcribed at 4.5-fold 257 higher levels ( Fig. 4 , Table S2 ). This agrees with the previously reported decrease in transcription of the 
264
N. europaea appears to regulate CO 2 fixation at the level of RuBisCO enzyme concentration.
265
Genes encoding the remaining enzymes of the CBB pathway and carbonic anhydrases were not 266 significantly differentially regulated with the exception of the transketolase-encoding cbbT gene (Table   267 S2). Likewise, almost no differences in transcription were observed for the majority of genes in other 268 central metabolic pathways (glycolysis/gluconeogenesis, TCA cycle; File S1). As the specific growth rate 269 of N. europaea was kept constant during both NH 3 -and O 2 -limited growth, it is not surprising that genes 270 associated with these core catabolic pathways were transcribed at comparable levels. (Table S2) (Table S2 ). The transcript numbers of genes in the AMO operons 290 decreased up to 3.3-fold during O 2 -limited growth, while transcripts of the singleton amoC were present 291 at 1.9-fold higher levels. However, these transcriptional differences were not statistically significant. The
292
HAO cluster genes were also not significantly differentially transcribed (Table S2 ).
293
Previous research has shown that transcription of AMO, and to a lesser extent of HAO, is 
14
The periplasmic red copper protein nitrosocyanin (NcyA) was among the most highly transcribed 302 genes under both NH 3 -and O 2 -limited growth conditions (Table S2) (Table S2 ). In this study, cytS was transcribed at significantly 320 lower levels (2.3-fold) during O 2 -limited growth. However, transcription of cycB and cytL were not 321 significantly different (Table S2) between total NH 4 + consumed and NO 2 produced (Fig. 2, Table 1 ) Table S2 ).
336
In N. europaea, nirK transcription is regulated via the nitrite-sensitive transcriptional repressor nsrA (30).
337
Thus, in contrast to the nirK of many denitrifiers (77), nirK transcription in N. europaea is regulated in 338 response to NO 2 concentration and not NO or O 2 availability (31, 34, 48). The reduced O 2 supply during 339 O 2 -limited growth resulted in a ~50% decrease in total NH 3 oxidized and a ~60% reduction in steady-340 state NO 2 concentration (Fig. 2 , Table 1 ). The decrease in NO 2 concentration during O 2 -limited growth 341 likely induced the transcription of nsrA, which was significantly (2.1-fold) upregulated (Fig. 5 , Table S2 ).
342
Therefore the large decrease in nirK transcription observed here may be due to the lower NO 2 -343 concentrations and not a direct reflection of overall nitrifier denitrification activity. This hypothesis is 344 consistent with the observation that NirK is not essential for NO 2 reduction to NO in N. europaea, and 345 the presence of a not yet identified nitrite reductase in this organism. Previously, it has been shown that 
354
In contrast, transcripts of the norCBQD gene cluster, encoding for the iron-containing, cyt c 355 dependent cNOR type NO reductase, were present at slightly higher (1.2-to 1.5-fold) but not significantly 356 different levels during O 2 -limited growth (Fig. 5 , Table S2 ). Previous research has demonstrated that in 
358
Interestingly, all components of the proposed alternative heme-copper containing NO reductase (sNOR),
359
including the NO/low oxygen sensor senC (24) were transcribed at significantly higher levels (2.7-to 360 10.8-fold) during O 2 -limited growth (Fig. 6 , Table S2 ). Therefore, it is possible that the phenotype 
369
Significantly higher numbers of transcripts (1.7-to 3.0-fold) of all three subunits of the cyt c aa 3 HCO and 370 the cyt c-oxidase assembly gene ctaG were detected during O 2 -limited growth (Fig. 6 , Table S2 ).
371
Increased transcription of the terminal oxidase was expected, as it is a common bacterial response to O 2 372 limitation (78). In addition, transcripts of all three subunits of the proton translocating cyt bc1 complex 373 (Complex III) were present in higher numbers (Table S2 ). The NADPH dehydrogenase (Complex I) and
374 the ATP synthase (Complex V) encoding genes were transcribed at similar levels during both growth 375 conditions (Table S2 ).
376
As mentioned above, transcripts of both subunits of sNOR (norSY previously called coxB 2 A 2 ), 377 and the NO/low oxygen sensor senC were present at significantly higher numbers (2.7-to 10.8-fold)
during O 2 -limited growth (Fig. 6 , Table S2 ). 
